A spontaneous breathing trial (SBT) is an important screening test to assess patient readiness for discontinuation of mechanical ventilation. Several methods are considered appropriate for SBT, including a T-tube trial of spontaneous breathing, low-level pressure support of 5-8 cmH 2 O and automatic tube compensation [1] [2] [3] . Among these SBT methods, T-tube trials and low-level pressure support (PS) are the most widely used. Previous studies have indicated that T-tube and PS trials are comparable for predicting extubation outcomes in unselected patients 1, 2 . However, inspiratory pressure and positive end-expiratory pressure (PEEP) significantly affect gas exchange, cardiovascular performance and work of breathing [4] [5] [6] . The differences in inspiratory pressure and PEEP between a T-tube and PS have raised the concern that SBT with low-level PS may tend to overestimate the ability of a patient to sustain spontaneous breathing 7, 8 . Using low-level PS as SBT was considered to be associated with premature extubation in a small number of instances 8 . However, the risk factors associated with premature extubation by using low-level PS as SBT are not well understood. Understanding what contributes to patients' different responses to the two SBT methods helps to identify these risk factors.
In order to understand what determines different responses to the two SBT methods, we conducted a prospective study to evaluate the responses of the same patient to a T-tube trial or PS of 6 cmH 2 O (PS-6). The impact of age, underlying disease and respiratory mechanics on the patient's responses to these two SBT methods was evaluated.
SUMMARY
Previous studies have shown that spontaneous breathing trials (SBT) with a T-tube or low-level pressure support are comparable. However, low-level pressure support may overestimate the ability of a patient to sustain spontaneous breathing, resulting in premature extubation. Understanding factors contributing to different responses by patients to the two SBT methods aids in clarifying the limitation of using low-level pressure support for SBT. We performed a prospective observational study in 80 consecutive adult patients with mechanical ventilation to identify the factors contributing to different responses of a patient to the two SBT methods. The 80 patients underwent both a T-tube trial and pressure support ventilation of 6 cmH 2 O (PS-6) on the day of extubation. Stratified analysis was used to evaluate the effects of age, respiratory compliance and resistance, PaO 2 /FiO 2 ratio and underlying disease on post-SBT responses. Comparing the responses to a T-tube trial and PS-6, the patients with old age, poor pulmonary compliance (≤40 ml/cmH 2 O) and chronic obstructive pulmonary disease had a higher heart rate (difference [95% CI]: 4 [0,8], 5 [2, 9] , 5 [0,10] beats/ minute, respectively) and systolic blood pressure (10 [4,16] , 11 [5, 16] , 7 [0,13] mmHg, respectively) after the T-tube trial. In conclusion, this research shows that old age and impaired respiratory mechanics contribute to different responses to spontaneous breathing trials with a T-tube and low-level pressure support. Further studies are needed to compare the effectiveness of the two SBT methods in predicting successful extubation in such patient groups.
METHODS

Patients and setting
This was a prospective observational study conducted in a 23-bed adult medical intensive care unit (ICU) from April to December 2009 at the National Taiwan University Hospital, Yun-Lin Branch, a university-affiliated hospital in Taiwan. Protocoldriven weaning was used in the ICU. Each patient who had received mechanical ventilation for more than 24 hours, passed a 60-minute T-tube trial and been judged as ready for extubation by primary care physicians was screened to be enrolled in this study (Figure 1 ). Screening and enrolment were only undertaken in the daytime on weekdays when study respiratory therapists were on duty. Enrolled subjects underwent PS-6 with PEEP 5 cmH 2 O for 60 minutes before extubation. The T-tube and PS-6 trials were separated by a two-hour interval. Results of SBT with PS-6 were used for study only and did not alter the decision to extubate made by the T-tube trial. A 60-minute duration for analysis was chosen after referring to previous studies showing that a patient's response to SBT is fully developed at 30 minutes, lasting up to 120 minutes 1, 9 . This study was approved by the Research Ethics Committee of the National Taiwan University Hospital (approval number: 200901030R). Obtained the record of vital sign at 0 and 60 min of T-tube trial 103 were excluded as study staffs were unavailable when SBT was performed or no extubation attempt
Data collection
Respiratory rate, oxygen saturation, heart rate and blood pressure (BP) were measured to assess patient responses to the two SBT methods. These four physiological parameters comprised the main components of the SBT failure criteria 10 . After enrolment into the study, maximal inspiratory and expiratory pressures, the ratio of PaO 2 to FiO 2 , and static respiratory compliance and resistance were measured. The threshold of pulmonary parameters and age used for analysis were chosen on the basis of previous studies or our consideration of clinical relevance [11] [12] [13] . Medical records were reviewed to obtain the data of comorbidity defined in previous studies 1, 9 and the cause of acute respiratory failure.
Weaning protocol
The weaning protocol used at the National Taiwan University Hospital, Yun-Lin Branch, was modified according to the consensus statement of the Sixth International Consensus Conference on Intensive Care Medicine and expert review 10, 11 . Testing the readiness for weaning and SBT was performed daily by respiratory therapists. Criteria for readiness to wean were relatively stable haemodynamics with a mean arterial pressure >65 mmHg, reliable respiratory drive without apnoea, PEEP <8 cmH 2 O, FiO 2 <0.5 and minute ventilation <15 l/minute. PS ventilation was the preferred mode of ventilator partial support in the hospital. Criteria for readiness for SBT included FiO 2 <0.4, PEEP <8 cmH 2 O and rapid shallow breathing index <130. Failure criteria for SBT included oxygen saturation <90%, PaCO 2 >50 mmHg (if arterial blood gas was tested), respiratory rate >35 breaths/ minute or increased by >50%, heart rate >140 beats/ minute or increased by >20%, systolic BP >180 mmHg or increased by >20% and systolic BP <90 mmHg. Extubation failure was defined as the need for reintubation within 48 hours of extubation.
Statistical analysis
Data are expressed as the mean ± standard deviation or median with interquartile range if normality did not hold true. A paired t-test was used to assess a patient's response to the T-tube trial and PS-6. All data analyses were conducted using Social Sciences software (SPSS 17.0, Chicago, IL, USA). A P value of less than 0.05 was considered statistically significant.
RESULTS
A total of 367 patients received mechanical ventilation for more than 24 hours during the study period (Figure 1 ). Of these, 80 consecutive patients were enrolled into the study. Table 1 summarises the demographic data of the study population.
There were no differences in pre-SBT respiratory rate, heart rate and systolic BP between T-tube and PS-6 trials (difference, [95% confidence interval]: 0 [-1,1] breaths/minute; 1 [-1,3] beats/minute; 0 [-5,5] mmHg), which indicated similar physiological status before the two SBT methods. Table 2 shows the physiological data of patients after SBT with a T-tube or PS-6. For the entire study population, no differences in physiological responses were observed after T-tube and PS-6 trials, except mildly elevated systolic blood pressure after the T-tube trial. Stratified analysis showed that patients with old age, poor pulmonary compliance and chronic obstructive pulmonary disease were prone to different responses to T-tube and PS-6 trials. In patients aged 78 years and older, a higher heart rate and systolic BP after T-tube trials were observed (difference [95% confidence interval]: 4 [0,8] beats/minute, 10 [4, 16] mmHg). The patients with pulmonary compliance of less than 40 ml/cmH 2 O had a higher heart rate (5 [2-9] beats/minute) and systolic BP (11 [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] mmHg) after the T-tube trial. Furthermore, the patients with a history of chronic obstructive pulmonary disease (COPD) had a higher heart rate (5 [0,10] beats/minute) and systolic BP (7 [0,13] mmHg) after the T-tube trial.
DISCUSSION
This study compares physiological responses of the same patient to a T-tube trial and low-level PS. The study design ensures that the patient's condition is well-matched for the two SBT methods and highlights the contribution of T-tube breathing and PS on patient responses. In unselected patients, physiological responses to the two methods of SBT were similar in our study. From the perspective of extubation outcome, these two SBT methods are considered to have comparable predictive power of successful extubation in unselected populations 1,2 . However, this may not be true for specific patients who are sensitive to PEEP level and inspiratory PS. Stratified analysis of our study showed that advanced age and impaired pulmonary mechanics determine whether a patient will respond differently to the two SBT methods. Although the difference in physiological response is modest and arguably not clinically significant, the potential effects on extubation outcome require clinical trials to measure. It would be worth reevaluating the extubation outcomes of using T-tube trials and PS for SBT in elderly patients and those who are known to have an impaired pulmonary function. In addition, understanding the impact of age on SBT is important as the number of elderly patients in ICUs has increased in the last decade 14 .
To understand the influence of multiple comparisons due to stratified analysis in our study, a revised significance level of P <0.005 could be used to evaluate the study results. This revised significance level, α, was determined by the following equation:
.05, where 't' indicated times of multiple comparisons. In Table 2 , the differences between SBT reaching significance levels of P <0.05 and P <0.005 are shown. After the correction for multiple comparisons, old age and poor respiratory compliance remained significantly different between the T-tube trial and low-level PS. This analysis indicated that the study results were not biased by multiple comparisons.
In our study, only respiratory compliance, but not resistance, contributed to different post-SBT responses to the two SBT methods. This was a surprising finding as respiratory resistance should be an important factor in determining whether a patient responds differently to the two SBT methods. Evidence comes from the data of patients with and without COPD ( Table 2) . Patients with COPD are typically characterised by high airway resistance. A previous study also indicated that a T-tube trial and low-level PS had a different power in predicting successful extubation for COPD patients 15 . The possible causes of obtaining non-significant results for resistance in our study include a small case number and a larger measured variation than compliance. The discrepancies in age and causes of respiratory failure among this study cohort and previous case series are prominent 1, 2, 9 . Compared to the median age of 50-64 years in previous studies conducted in the 1990s 1, 2, 16 , the median age of patients in our study was 78 years. Older patients, with declining pulmonary function due to ageing 17 , are more sensitive to the added respiratory load caused by T-tubes and are therefore more likely to show stress patterns after T-tube trial. In contrast, different physiological responses to T-tube and PS trials may be less significant in a younger population due to good cardiopulmonary reserve. In addition to age differences, our study did not enrol postoperative patients, which accounted for one-third of enrolled patients in previous studies 1,9 . Cases intubated for elective surgery usually have a better pulmonary reserve than those intubated for pneumonia or other medical diseases. A patient with good pulmonary function should tolerate different SBT methods and therefore show no difference in post-SBT vital signs. It is possible that a study involving a greater number of postoperative patients would diminish the potential differences between different SBT methods. Current practice regarding SBT is to use the same failure criteria for all SBT methods and this practice is based on limited study results. Our study shows that a T-tube trial and low-level PS cause small differences in post-SBT responses in particular patients for which the clinical significance in predicting extubation outcomes needs to be explored in comparative trials. More studies are required to determine the failure criteria for each SBT method or at least for the more commonly used SBT methods. For example, using low-level PS as an SBT may need a more strict failure criteria compared to the use of a T-tube trial, at least in specific patients. In addition, heart rate and systolic blood pressure seem more sensitive than respiratory rate to reflect a patient's different responses to these two SBT methods.
This study has a number of potential limitations. First, choosing the threshold for respiratory parameters and age in stratification is somewhat arbitrary. However, we think it is still a reasonable approach to evaluate the impact of those factors. Second, the study was performed within a single ICU and the results may therefore not be applicable to other ICUs. Finally, there is a potential bias from the order effect because of the study design.
CONCLUSION
In conclusion, our study evaluates patients' responses to SBT with a T-tube trial and low-level PS at the time of extubation. Old age and pulmonary dysfunction were important factors contributing to a different response to the two SBT methods. We suggest conducting clinical trials to compare extubation outcomes with T-tube trials and low-level PS for old age patients with poor pulmonary function, and to evaluate the necessity of creating a different set of failure criteria for SBT with low-level PS.
